presystolic component. [1] [2] [3] [4] The genesis of this murmur has been the subject of considerable debate for the last century. Flint 
himself thought that
In cases of considerable aortic insufficiency the left ventricle is rapidly filled with blood flowing back from the aorta as well as from the auricle, before auricular contraction takes place. The distention of the ventricle is such that the mitral curtains are brought into coaptation, and when the auricular contraction takes place, the mitral direct current passing between the curtains throws them into vibration and gives rise to the characteristic blubbering murmur. ' Herman,5 in 1926, based on his own animal data ascribed the murmur to functional mitral stenosis caused by the aortic insufficiency jet striking the anterior leaflet and forcing it closed. Others have postulated that the murmur is due to anterior mitral leaflet vibration caused by oscillation of this structure between the aortic insufficiency jet and transmitral flow6,7 or to direct collision of the two flow jets. 8 Hemodynamic studies have shown that in some cases diastolic left ventricular pressure may exceed left atrial pressure. This has led some investigators to suggest that the Austin Flint murmur is the result of diastolic mitral insufficiency.9'10 This hypothesis has been challenged by more recent work timing the murmur depicted phonocardiographically with the mitral leaflet motion on simultaneous M-mode echocardiograms. In these studies, the murmur occurred only when the mitral valve leaflets were open, suggesting that forward flow across the mitral valve was a necessary condition for murmur production.11 These findings were extended by Reddy et al,12 who in a careful intracavity phonocardiographic and hemodynamic investigation showed that the sound energy causing the Austin Flint murmur appeared to originate in the left ventricular inflow tract and not in the left atrium. The presence of a diastolic left ventricular-left atrial gradient, while associated with diastolic mitral insufficiency, was not associated with an Austin Flint murmur.12 A more recent animal study using mitral and aortic flowmeters further demonstrated that forward mitral flow and regurgitant aortic flow were always simultaneously present when an Austin Flint murmur was produced. 13 In summary, the mechanism of production of the Austin Flint murmur is still uncertain. Prior work has established that 1) the sound of the murmur probably originates from the left ventricular inflow tract, 12 2) the mitral valve must be open and hence, forward flow across the valve is necessary," and 3) significant aortic insufficiency must be present.2'10-'2 '14 However, not all patients with significant aortic insufficiency have an audible Austin Flint murmur. 12 Furthermore, no recent studies have used Doppler echocardiography to investigate directly the origins of the Austin Flint murmur. Therefore, the current study evaluated a group of patients who had significant amounts of aortic insufficiency for the presence or absence of an Austin Flint murmur. Each patient underwent Doppler echocardiography to characterize patterns of transmitral flow, aortic regurgitant jet direction, and mitral valve motion. These flow and motion characteristics were then compared between patients with and without the Austin Flint murmur in an attempt to gain more insight into the origin of the murmur.
Methods
The study population consisted of a consecutive series of 51 patients (11 women and 40 men) who had an average age of 46 (range years. All patients were referred to the University of Wisconsin adult echocardiography laboratory for clinical evaluation of aortic valve disease. Only patients free of any structural mitral valve disease as determined by echocardiography were included. Each patient had a complete M-mode, two-dimensional, and Doppler examination using either a Hewlett-Packard (Andover, Mass.) or a General Electric (Milwaukee, Wis.) phased-array ultrasound imaging system performed independently by an experienced sonographer. All standard parastemal, apical, and subcostal imaging planes were obtained. The studies were recorded on a VHS videocassette recorder and a fiber-optic strip chart recorder run at a paper speed of 100 mm/sec.
After the ultrasound study, the sonographer notified the author of patients having significant aortic insufficiency by Doppler examination. These patients underwent auscultation by the author in the supine and left lateral decubitus positions for determination of the presence of an Austin Flint murmur, and the results were recorded on a standardized form separate from the echocardiographic data. The echocardiographic and Doppler data were analyzed separately several months later, blinded to the results of auscultation.
Phonocardiography was available for a small portion of the study population. In eight patients an apical phonocardiogram provided independent confirmation of the presence of an Austin Flint murmur. In an additional 10 patients, auscultation by an experienced cardiologist unaware of the study confirmed the presence of an Austin Flint murmur. Thus, 18 of 30 patients in the group with a murmur had it independently confirmed. In the group without an Austin Flint murmur, nine of 21 patients were examined by an experienced cardiologist unaware of the study and were found not to have an Austin Flint murmur.
M-Mode Analysis
For all reported measurements, 3-5 consecutive beats were analyzed and the results averaged. The left ventricular end-diastolic dimension (LVEDD) and the left ventricular end-systolic dimension (LVESD) were determined using criteria of the American Society of Echocardiography.15 Percentage fractional shortening was calculated as ([LVEDD-LVESD]/ LVEDD)x100. The interval from the onset of the electrocardiographic QRS complex to mitral valve closure (Q-Mi interval) was determined. The maximal excursion of the anterior leaflet of the mitral valve during early diastole (DE excursion) was measured, and the M-mode tracing of the mitral valve was evaluated for the presence of high-frequency, diastolic, anterior leaflet flutter, which was scored as being present or absent (Figure 1 ). Two-Dimensional Analysis
In the short-axis view, the anterior leaflet was evaluated during diastole for evidence of localized restricted opening. This was defined as the presence of an area of reduced anterior excursion of the leaflet compared with excursion of the remaining portions of the leaflet (Figure 2 ). Three derived indices of transmitral flow were also calculated. These were the E/A ratio, the early filling fraction defined as EVL/(EVI+AVI), and the early deceleration slope defined as E/DT. The pressure half-time of the early deceleration slope was calculated. The transmitral flow signal was also observed for evidence of collision with the aortic insufficiency signal. This was defined as superimposition of highvelocity, turbulent aortic insufficiency signals on the transmitral flow signal as it was sampled by pulsed Doppler echocardiography for at least a part of diastole ( Figure 3) .
The aortic insufficiency signal was analyzed by pulsed Doppler mapping or, when available, by color flow mapping (n=22). The parasternal long-axis, apical five-chamber, and apical long-axis planes were used. The direction of the aortic insufficiency signal was determined and scored as being along the mitral valve anterior leaflet or along the ventricular septum. If the jet could not be mapped all the way up to either structure, it was scored as being in the middle portion of the left ventricular outflow tract. Each plane was scored individually (Figure 4 ). The severity of aortic insufficiency was estimated using either pulsed Doppler mapping or color flow mapping as previously described for this laboratory. 16 Based on results of the Doppler examination, severity was graded as mild (1+), moderate (2+), moderately severe (3+), or severe (4+). The aortic insufficiency signal was also sampled using continuous-wave Doppler sonography from the apical imaging plane. The pulsed and continuous-wave signals for aortic insufficiency were examined for the presence of superimposed vertical striations or horizontal bands ( Figure 5 ). Both phenomena have been associated with rapidly oscillating structures within a Doppler flow signal.'7 2-1
Cardiac Catheterization
Data were available for a subpopulation of 26 patients who had the study done within 6 months of the echocardiographic examination and remained clinically stable. Right heart catheterization was performed using a 7F flow-directed balloon-tipped catheter. Retrograde left heart catheterization was performed using 7 ranging from -20 to 110 msec in the group with an Austin Flint murmur and from -10 to 80 msec in the group without a murmur. Two patients with a murmur and three patients without a murmur had pre- closure of the mitral valve. DE excursion was similar in both groups (Table 2) . However, analysis of excursion of the entire anterior leaflet in the two-dimensional short-axis view showed that significantly more patients with an Austin Flint murmur (77% versus 24%) had a localized area of reduced excursion ( Figure 2 ). The M-mode presence of high-frequency flutter of the mitral valve anterior leaflet was equally common in both groups (Table 3) . A comparison of transmitral flow velocity measurements for the two groups is given in Table 2 . There is a mild, nonsignificant trend toward attenuation of early-diastolic flow velocities in the group with an Austin Flint murmur. In all other aspects, including deceleration of flow during early diastole, there was no significant difference between groups. There was also no increase in transmitral flow or evidence of any gradient to suggest functional stenosis in either group. The pressure half-time was similar in both groups and was not consistent with stenosis. Furthermore, in the subpopulation of patients having cardiac catheterization there were no mitral valve gradients observed.
Characteristics of the aortic insufficiency jets are shown in Tables 1, 3 , and 4. Virtually all patients had moderately severe or severe aortic insufficiency (Table 1). Mapping of the insufficiency jet direction revealed highly significant and consistent differences between groups in all three echocardiographic views ( Table 4) . Patients with an Austin Flint murmur, in most circumstances, had an aortic insufficiency jet that collided directly with the anterior leaflet of the mitral valve (Table 3, Figure 6 ). Taking all three echocardiographic views together, 28 of 30 patients having a murmur had evidence of the aortic insufficiency jet colliding with the mitral valve anterior leaflet in at least one view. Conversely, most patients without an Austin Flint murmur had the aortic insufficiency jet directed into the middle of the left ventricular outflow tract or toward the septum. Analysis of the aortic insufficiency signal itself revealed a significantly higher frequency of patients (83% versus 33%) with striations superimposed on the Doppler signal for aortic insufficiency in the group having an Austin Flint murmur. There was also a significantly greater frequency of collision of forward transmitral flow immediately after it crossed the mitral annular plane with the aortic insufficiency jet in the patients with a murmur (Figure 3 terization, which would tend to bias the study populations toward patients with the most severe and symptomatic aortic insufficiency. While it is certainly true that some patients with severe aortic insufficiency have reversal of the normal left ventricularleft atrial gradient and angiographically documented diastolic mitral insufficiency, there is little evidence that this is the mechanism of the flow rumble. For Figure  7 , murmur intensity appears to be greatest as transmitral flow velocity is decreasing and the valve leaflet is closing. This may be due to a relatively greater degree of shudder allowed by a less taut mitral apparatus. The process is repeated during atrial systole. Loss of the presystolic component of the murmur by preclosure of the valve is also consistent with this theory since a closed valve cannot vibrate. Since it is the mitral leaflet that vibrates, the origin of the sound is in the left ventricular inflow region as noted by previous investigators.1213 Finally, changes in afterload, which would vary the amount of aortic insufficiency and thus the amount of energy contained in the regurgitant jet, would also vary the severity of vibration of the leaflet. The example shown in Figure 7 also demonstrates that the Austin Flint murmur stops when aortic insufficiency stops.
Several limitations of my study should be noted. [16] [17] [18] [19] [20] This study extends that concept to an intact valve apparatus by making the assumption that there is enough slack in the mitral apparatus to allow significant vibration to occur. However, this study is limited by the fact that simultaneous phonocardiograms were not performed during Doppler mapping. Timing of Doppler striations with the murmur would strengthen the argument that leaflet vibration is associated with the murmur. The Doppler striations are not consistently associated with the commonly observed M-mode findings of anterior leaflet flutter, which was present in virtually all patients of both groups. M-mode flutter is presumably a much-lower-energy phenomenon caused by generalized turbulence in the region of the left ventricular inflow tract and is not a sign of the presence of an Austin Flint murmur. A prior study has also shown a poor relation between M-mode diastolic flutter and an Austin Flint murmur. 24 The findings of the current study cannot prove cause and effect.
However, the observations do add to the growing body of evidence that the Austin Flint murmur is a sound phenomenon that requires simultaneous aortic insufficiency and transmitral forward flow.
